Rectal neuroendocrine tumors (Nets) are often found as small lesions, which can be treated by endoscopic resection. However, high risk cases with lymph node (LN) metastasis are indication of radical surgery. Furthermore, rectal Nets are often associated with late recurrences and/or multiple cancer development. therefore, proper surgical indication and patients' management are required. We investigated the clinicopathological features of 79 rectal NET cases in order to elucidate risk factors for synchronous LN metastasis, recurrence, and multiple cancers. Recently, we reported that in pancreatic Net patients, a loss of heterozygosity (LoH) in PHLDA3 was associated with poorer prognosis, and that LoH of both PHLDA3 and MEN1 was frequently observed. therefore, PHLDA3 and MEN1 LoH were also assessed in rectal Net patients for their association with clinicopathological features. of the 79 patients, LN metastases were found in 12.7%, recurrences in 3.8%, and multiple cancers in 30.4% of the subjects. PHLDA3 and MEN1 LOH were found in 60.0% and 66.7% of the subjects, respectively. Lymphatic invasion and WHO classification 2010 were found to be independent risks for LN metastasis. There were three cases of recurrence, all of which occurred more than 3 years after resection and two of which exhibited LN metastasis. older age and LoH in PHLDA3 were associated with the presence of multiple cancers. Long-term and systemic management of patients with rectal Nets is therefore recommended in accordance with these risk factors.
Due to the increase in colonoscopy screening, the incidence of rectal neuroendocrine tumors (NETs) has been rising, as is the incidence of other NETs throughout the body [1] [2] [3] . In many cases, rectal NETs are found as small lesions measuring less than 10 mm, and if they are not accompanied by lymph node metastasis, they are generally amenable to treatment by endoscopic resection. Resectable rectal NETs are associated with better prognosis than NETs in other organs. On the other hand, cases with possible lymph node metastasis may require radical surgery with lymph node dissection, which can result in anal dysfunction or permanent stoma. Therefore, accurately predicting lymph node metastasis by endoscopic and pathological examination is important. It is reported that tumor size, depth of invasion, presence of lymphovascular invasion, presence of central depression and Ki-67 index are associated with lymph node metastasis, and these factors can therefore influence the therapeutic strategy chosen [2] [3] [4] [5] [6] . On the other hand, some rectal NETs, including small lesions without vascular invasion, may have metastatic potential 3, 7 . Therefore, further investigation is required to clarify risk factors for lymph node metastasis. Recently, we have reported that PHLDA3 is a novel tumor suppressor and loss of PHLDA3 heterozygosity is associated with poorer prognosis in pancreatic NET patients 8, 9 . MEN1 is another tumor suppressor gene frequently inactivated in pancreatic NET, and we previously observed that double loss of heterozygosity (LOH) of PHLDA3 and MEN1 frequently occurs in pancreatic NET 8, 9 . Identifying such markers may contribute
Scientific RepoRts | (2019) 9:2404 | https://doi.org/10.1038/s41598-018-37707-z to decisions for rectal NET treatment 10 . Next, although resectable rectal NETs generally have a favorable clinical course, it is reported that they also are associated with an increased risk of secondary cancers 1, 11 . Several cases of late recurrence have been reported 12, 13 . Therefore, an accurate clinicopathological analysis of rectal NETs based on long-term follow-up data is needed to help establish a more standardized clinical approach to treat rectal NETs. In this study, we have examined the clinicopathological features of rectal NETs for their association with synchronous lymph node metastasis, recurrence, and the occurrence of multiple cancers. These features were also examined for their association with PHLDA3 and MEN1 LOH. Table 1 . Rectal NETs were found to occur predominantly in males (73.4%; n = 58); the mean age of the patients was 58.5 ± 12.8 years; and all patients were Asian. Of the 20 patients undergoing surgery, lymph node metastases were found in 10 and assessed as N1 (12.7%), and the tumor size averaged 9.6 ± 9.1 mm (consisting of <10 mm size in 51 patients [64.6%], 10-20 mm in 21 patients [26.6%] , and >20 mm in 7 patients [8.9%]). All cases were NET G1 and G2 according to WHO classification 2010, and NET G3 were not included in this study. Lymphatic invasion was found in 13 cases (16.5%) and venous invasion in 22 cases (27.8%). We also analyzed LOH of PHLDA3 and MEN1, two tumor suppressor genes frequently inactivated in pancreatic NETs. LOH analysis of PHLDA3 was successfully performed in 55 cases, of which 60.0% (33/55) were positive, and LOH analyses of MEN1 was successful in 45 cases, of which 66.7% (30/45) were positive (Figs 1 and 2) . The strikingly high incidence of LOH at these loci indicates that PHLDA3 and MEN1 are important in tumor suppression in rectal NETs. We next combined the LOH data for both loci. As shown in Fig. 2D , LOH at the PHLDA3 and MEN1 loci did not show a mutually exclusive pattern, which would be expected if PHLDA3 and MEN1 were on the same Clinicopathological features associated with lymph node metastasis, recurrence, and multiple cancers. Synchronous lymph node metastases were found in 10/79 cases (12.7%). The associations between various clinicopathological features and lymph node metastasis are shown in Table 2 . Both WHO classification 2010 and lymphatic vessel invasion were found to be independent risk factors for lymph node metastasis. MEN1 and PHLDA3 LOH were not associated with lymph node metastasis. The clinicopathological features of patients with lymph node metastasis are shown in Supplementary Table S1. All cases had at least one of following risk factors; tumor size >10 mm, lymphatic invasion, venous invasion, or G2 in the WHO classification 2010. The mean follow-up of the patients included in the analysis was 2136.0 ± 1472.9 days. During follow-up, recurrences occurred in 3 patients (3.1%), and 2 of these dying of the disease (Table 3 ). All cases were classified as G2 in the WHO classification 2010 and were shown to be positive for PHLDA3 LOH. Synchronous lymph node metastasis was found in 2 of the 3 recurrent cases. Of the 3 recurrent cases, 2 had liver metastases and 1 had a local recurrence. The time to recurrence from resection in these 3 recurrent cases was 1798, 1916, and 2595 days, respectively. And, all recurrences occurred over a 3-year period following NET resection. Table 4 and Supplementary Table S2 list the clinicopathological features of rectal NETs presenting with multiple cancers. Multiple cancers were detected in 24 of the 79 cases (30.4%). Of these, 5 cases had multiple lesions involving 2 organs (2 cases involving the stomach and colorectum, 2 involving the colorectum and lung, and 1 case involving the esophagus and stomach). Of the 29 tumors, 23 were histologically confirmed, 5 were recorded as a past history, and 1 case of pancreatic cancer was detected radiographically. Multiple colorectal cancers were found in 10 subjects, gastric cancer in 4, esophageal cancer in 3 (all squamous cell carcinoma), lung cancer in 3, prostate cancer in 2, and liver cancer in 2 subjects (1 hepatocellular carcinoma and 1 cholangiocellular carcinoma). One case involved lesions of the skin (malignant melanoma), kidney, pancreas, and breast. In addition, one gastric GIST was found. Fifteen tumors were found concurrent with rectal NETs, with 10 multiple tumors detected over 6 months before the resection of the rectal NETs. Four multiple tumors were detected over 6 months after removal of the rectal NET. The occurrence of multiple cancers was significantly associated with older age and the presence of PHLDA3 LOH, but not with any other clinicopathological feature. Importantly, 5 patients died of multiple cancers other than rectal NETs during the follow-up period.
The association between LOH and various clinicopathological features is shown in Table 5 . The observed frequency of PHLDA3 LOH in rectal NET (60.0%) was similar to the reported frequency in pancreatic NET (72.0%) 8 . Of the various clinicopathological features recorded, PHLDA3 LOH was associated only with the occurrence of multiple cancers. MEN1 LOH was found in 66.7% of the rectal NET, and was not associated with any clinicopathological features.
Discussion
Consistent with earlier reports, resectable rectal NETs showed a favorable clinical course in our study, with a recurrence rate of only 3.1% and a disease-specific survival of 96.9% during the mean follow-up period over 5 years. There were no recurrences in the first three years after resection, one after three years and two after five years. Of the 3 recurring cases, 2 had synchronous lymph node metastases. Therefore, long-term follow up may be especially required in patients showing synchronous lymph node metastasis. In addition, 30.4% of the patients were found to have multiple cancers other than NET, the likelihood of which was associated with older age and With lymph node metastasis (n = 10) (%) Without lymph node metastasis (n = 69) (%) . In a long-term follow-up at our institution, we also confirmed a high incidence of multiple tumors in various organs among these patients. To our knowledge, the data presented here is the first to describe the clinicopathological features of patients suffering from rectal NETs associated with multiple cancers. Many of the cases of multiple cancers were found prior to or at the same time as the diagnosis of rectal NET. In particular, our results suggest that comprehensive screening for multiple cancers is especially recommended for patients over 60 years of age. Biological markers that would predict the recurrence of NETs or the presence of multiple cancers would contribute to more efficient patient management, and PHLDA3 LOH may constitute one such marker to predict a higher probability of multiple cancers 10 . In this regard, higher gene methylation levels in normal tissue have been reported to be associated with metachronous gastric cancer 14 . While the role of PHLDA3 in carcinogenesis is less clear, higher level of epigenetic alterations in normal tissues may also be found in rectal NETs patients. It is likely that LOH of PHLDA3 in rectal NETs results in the production of some tumor promoting factors, but further study will be required to confirm this. In addition, we note that the most of multiple tumors we observed were in the colon, rectum, stomach, and these organs are differentiated from endoderm. We therefore speculate that the PHLDA3 LOH must have occurred in endoderm cell at a very early stage of the development. It is well-known that Li-Fraumeni syndrome patients, who have germline p53 mutation, also develop multiple cancers. PHLDA3 is a target gene and important down-stream mediator of p53, therefore dysfunction of PHLDA3 at an early stage of development may also contribute to multiple cancer formation. It is nortworthy that in pancreatic endocrine tissue, PHLDA3 acts as a tumor suppressor, and methylation and/or LOH of PHLDA3 activates Akt-regulated biological processes. PHLDA3 status has also been reported to be associated with clinical outcome in pancreatic NET patients. Although we observed no association between PHLDA3 LOH and lymph node metastasis, all three cases of recurring NETs were found to have PHLDA3 LOH. Thus, further study is required to evaluate the clinical utility of PHLDA3 LOH in predicting tumor behavior. In addition, rectal NETs are not usually associated with the MEN1 syndrome, and MEN1 LOH has been thought to be rare 15 . However, previous reports analyzed only 1 or 2 patients, so reliable epidemiological data was not available [16] [17] [18] . Therefore, we investigated LOH of MEN1 as well as PHLDA3 to estimate the clinical utility of each as a biomarker. We report here the novel finding that LOH occurs at the PHLDA3 and MEN1 loci in 60.0% and 66.7% of rectal NETs cases, respectively. Using the LOH analysis method established in previous studies, we identified a slightly higher frequency of MEN1 LOH compared to PHLDA3 LOH in rectal NETs 8 . Thus, this is the first report to assess the frequency of LOH at the MEN1 locus and show its association with PHLDA3 LOH. Consistent with our previous report on pancreatic NETs, patients with rectal NETs frequently exhibited double LOH, which differed from matually exclusive pattern between K-RAS and BRAF mutations in colorectal cancer 6 . Further study will be required to confirm generality of our results from single institution. In addition, although most rectal NETs are thought to be sporadic without genetic disorder, some rectal NET with neurofibromatosis or Peutz-Jeghers syndrome has also been reported. Therefore, the molecular biological analysis of genes related to these diseases may also provide useful findings [19] [20] [21] . One case showed local recurrence after trans-anal excision, thus it is important to clearly understand the parameters that might indicate radical surgery in the management of rectal NETs. Tumor size is a simple and objective measure to guide therapeutic decision proposed by the ENETS and NCCN guidelines 22, 23 . Although there are some reported exceptions, lesions measuring < 10 mm in diameter, and without lympho-vascular invasion have been reported to generally have a low risk of metastatic disease and therefore can be resected 
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resection of the rectum with mesorectal lymph node dissection. On the other hand, for tumors measuring between 10 and 20 mm, the recommendations provided by the ENETS and NCCN guidelines are ambiguous, and their metastatic risk is considered to be between 10% and 15%. Our retrospective study showed that 8 of the 10 patients with lymph node metastasis had tumors measuring ≤ 20 mm in size. Five of these patients with lymph node metastasis fulfilled the criteria, including, tumor size ≤ 20 mm, NET G1 and submucosal invasion in these guidelines. These 5 cases could be observed after endoscopic resection or trans anal excision. However, 4 of these cases were shown to have had lymphatic or venous invasion in pathological examinations, which lead us undertake radical surgery. Therefore, a combined assessment of histological factors, WHO grading, lymphatic vessel invasion, and venous invasion should be used to guide the decision to undertake additional surgical resection in tumors sizes between 10 and 20 mm. Although vascular invasion is reported to be a less objective measure, the concordance of vascular invasion in pT1 colorectal cancers has reported to be 0.52-0.56 24, 25 . Therefore, an assessment of vascular invasion in rectal NETs, most of which are small and within submucosa, may provide increased objectivity in determining a course of treatment. However, further pathological study is required to confirm this point.
In conclusion, we believe that special attention should be given to recurrences that are found more than 3 years after resection, especially in case showing synchronous lymph node metastasis. The risk for multiple cancers should be also considered especially in patients over 60 years of age and those exhibiting PHLDA3 LOH. Lymphatic invasion and the WHO classification 2010 were found to be good predictors of synchronous lymph node metastasis, and the combined use of these factors may assist in determining surgery after local resection. Rectal NET patients appear to require systemic screening before resection, as well as long-term and systemic management after resection. Biological and biomarker research focused on recurrence or multiple cancers would be beneficial for the long term management of rectal NET patients.
Materials and Methods
Informed consent. All experiments were performed after obtaining written comprehensive informed consents from all patients. This study was approved by the National Cancer Ethical Review Board (No. 2013-032), and was performed in accordance with relevant guidelines and regulations.
patients. Using pathological data base, we enrolled 79 patients retrospectively diagnosed as rectal NET G1 and G2 according to the World Health Organization (WHO) classification 2010 between January 1, 1999 and March 31, 2014 at National Cancer Center East Hospital 15 . All cases were intended for curative resection. Endoscopic resections, transanal excision, and radical surgery were underwent in 54 (68.4%) cases, 5 (6.3%) cases, and 20 (25.3%) cases, respectively. Additional surgical resection of the rectum with mesorectal lymph node was considered after endoscopic resection if pathological risk factor such as a positive margin, tumor size ≥10 mm, invasion into the muscularis propria, the presence of lympatic and venous invasion or NETG2 were identified. Of the 20 patients undergoing radical resection, 5 underwent additional resection after initial endoscopic resection. All patients underwent colonoscopy and an abdominopelvic computed tomography (CT) scan to evaluate the presence of metastatic disease before resection. Regarding the postoperative course of the patient, we conducted an outpatient visit once every four months for the first two years, and once every six months for the following three years. At the time of follow-up, we conducted an examination (chest, abdomen, pelvic CT examination and blood sampling test) according to the protocol of the Japan Colon Cancer Research Group. In addition, we performed a lower gastrointestinal endoscopy in the 2nd and 5th postoperative periods. After 5 years postoperative surgery, patients' visit was taken once a year. Clinical information were reviewed and recorded retrospectively including age, sex, method of resection used, recurrence, synchronous and metachronous multiple cancers other than neuroendocrine tumors. Multiple cancers detected 6 months before and after the diagnosis of rectal NETs were defined as synchronous lesions, with all other lesions defined as metachronous lesions 11 . Cancer staging was performed using the 7 th edition of the American Joint Committee on Cancer (AJCC) Staging Manual 26 .
Histological diagnosis. All specimens were pathologically reviewed and assessed retrospectively by two investigators (K.I and M.K). Maximum tumor size was determined based on H.E. slides and neuroendocrine differentiation was assessed by positive immunohistochemical staining for chromogranin A (diluted 1:200, clone DAK-A3, Dako, Glostrup, Denmark), synaptophysin (ready to use, DAK-A3, Dako, Glostrup, Denmark), and CD56 in all cases (diluted 1:50, clone 123C3, Dako, Glostrup, Denmark). Tumor specimens were considered positive for neuroendocrine markers if more than 5% of tumor cells were stained. All tumors are positive for at least two of three neuroendocrine markers. Elastica and D2-40 staining was used in all cases to assess lymph-vascular invasion (diluted 1:200, clone D2-40, Acris, Herford, Germany). The Ki-67 and mitotic index was evaluated, and grading was performed according to the WHO classification 2010 15 . Lymphatic invasion and venous invasion were assessed as reported previously 27 . Lymph node metastasis was confirmed histologically using surgical specimens, and distant metastases were evaluated either radiologically or histologically.
LoH analysis. LOH analysis of MEN1 and PHLDA3 loci were performed as reported previously 8 . Five 10 μm-thick slides from formalin-fixed paraffin-embedded tumors were used for LOH analysis. Six primer pairs labeled with FAM with amplified microsatellite loci were used to accurately detect LOH at the PHLDA3 locus. For the MEN1 locus, 3 primer pairs were used. Amplified PCR products were analyzed with a 3100 automated sequencer and GeneScan and Genotyper software (Applied Biosystems, Foster City, CA, USA). The genotype was determined to be heterozygous if two bands of different sizes were obtained from normal tissues. A ratio Scientific RepoRts | (2019) 9:2404 | https://doi.org/10.1038/s41598-018-37707-z of the two peaks in tumor DNA of less than 0.7 in comparison with the corresponding ratio of the two peaks in non-tumor DNA was considered as allelic loss. Primers used in this study are shown in Supplementary Table S3. statistical analysis. Continuous variables, such as age and tumor size, were expressed as mean ± SD. Their association with synchronous lymph node metastases, multiple cancer, MEN1 LOH, and PHLDA3 LOH were assessed using Student's t-test. Other non-continuous clinicopathological characteristics were assessed with χ 2 and Fisher's exact tests. Multiple logistic regression analysis was performed on independent risk factors for synchronous lymph node metastasis. All analyses were performed using statistical software Minitab (Kozo Keikaku Engineering Inc., Tokyo, Japan).
